INTRODUCTION
The Masurian Landscape Park (MLP) was established in December 1977 in order to preserve and protect outstanding values of the natural environment of the Masurian Lake District. It aims to protect the richness of the fauna and the flora as well as the cultural and historical heritage. The Park is of great research and teaching importance and is an interesting tourist and recreation area (Dąbrowski, Polakowski and Wołos 1999) .
A comparatively clean environment, climatic conditions and the occurrence of a great variety of plant communities relatively unaffected by anthropogenic influence have contributed to the high diversity of fungi and the preservation of many fungal species threatened in Poland or in Europe.
First reports on macromycetes from the area of the former German administrative districts of Sensburg (Mrągowo) and Johonnisburg (Pisz) date back to the early 20 th century (Abromeit 1905; Neuhoff 1933 (Skirgiełło 1968; Kotlaba, Lazebniček 1967) . Studies on selected groups of macromycetes in the MLP have also been conducted by Orłoś and Dominik (1960) , Domański (1963) , Durska (1971) , Olesiński and Wojewoda (1985) .
A total of 289 taxa of macromycetes have been reported from the MLP in the available literature. No data, however, are given on the phytosociological status of their localities.
STUDY AREA
The Masurian Landscape Park stretches between longitudes 21°20' and 21°53' E and latitudes 53°36' and 53°51' N. The surface area of the MLP is 53.655 ha and that of its protection zone is 18.608 ha. Forests cover 50% of the area (27.140 ha), waters comprise almost 30% (15.995 ha) and arable lands constitute nearly 16.6% (8.920 ha) (Polakowski, Jutrzenka-Trzebiatowski and Hołdyński 1997) .
The MLP is situated on the border of three mesoregions in the physiogeographical regionalisation of Poland. The western part of the Park constitutes a fragment of the Pojezierze Mrągowskie Lake District, the eastern part belongs to the Kraina Wielkich Jezior Mazurskich Lake District, and its southern edges are part of the Równina Mazurska Plain (Kondracki 1998) .
The occurrence of numerous lakes is a feature that distinguishes the MLP from other protected areas. Those are mostly large lakes whose surface area exceeds 50 ha. They comprise 22 lakes such as Śniardwy, Bełdany, Mokre or Łuknajno. A total of 60 lakes whose surface area is greater than 1 ha have been recorded in the MLP (Bajkiewicz-Grabowska 1989) .
The phytosociological composition of the MLP is greatly diversified. Polakowski et al. (1976) distinguished 67 phytocoenoses in the rank of association or community based on their studies. Peucedano-Pinetum and Serratulo-Pinetum dominate among forest communities in the MLP (Polakowski et al. 1997) .
MATERIAL AND METHODS
Mycosociological field studies were carried out between 1997 and 2000. Three hundred and twelve observations were conducted in 8 permanent plots (from May 1997 to December 1999) and 106 observations in 69 supplementary plots in the plant associations examined (Fig. 1) . A total of 418 observations were carried out. Observations at permanent plots were conducted every two or three weeks throughout the calendar year. Observations were also made in supplementary plots established in additional patches of phytocoenoses. Supplementary plots were observed between one and eight times. The surface area of all observation plots was 400 m 2 (Lisiewska 1965; Friedrich 2000) . The commonly used Braun-Blanquet scale adjusted for fungi by Moser was used in the quantitative assessment (Nespiak 1959; Lisiewska 1965) . The following bioecological groups of fungi were distinguished based on the type and manner of substrate utilization: mycorrhizal fungi, fungi growing on humus, litter-inhabiting fungi, fungi on wood, bryophilous fungi and parasitic fungi (Lisiewska 2000) .
The nomenclature of Ascomycetes follows Chmiel (2006) and Hansen & Knudsen (2000) . The nomenclature of Basidiomycetes follows Wojewoda (2003) . Names of vascular plants are given according to Mirek et al. (2002) and bryophytes according to Ochyra et al. (2003) . Names of phytosociological units are admitted after Matuszkiewicz (2001) .
The herbarium material is deposited in the Herbarium of the Chair of Mycology, University of Warmia and Mazury, Olsztyn.
RESULTS AND DISSCUSION
Mycological observations were conducted in 8 permanent plots. They represented five plant communities: Peucedano-Pinetum (W. Mat. 1962) W. Mat. & J. Mat. 1973 , Vaccinio uliginosi-Pinetum Kleist 1929 , Serratulo-Pinetum (W. Mat. 1981 ) J. Mat. 1988 , Tilio-Carpinetum Tracz. 1962 , Fraxino-Alnetum W. Mat. 1952 (Matuszkiewicz 2001 ) (Tab. 1). Tab. 1. cont. Three hundred thirty five taxa of macromycetes were recorded in the phytocoenoses studied. A total of 354 macromycete species were observed between 1997 and 2000. The total number of taxa of macromycete species, including literature data, reported from the area is 506.
Mycological observations in Peucedano-Pinetum were conducted in one permanent plot (no. 1) and at 17 supplementary plots. A total of 58 observations in communities classified as Peucedano-Pinetum were performed. The occurrence of 73 macromycete species was recorded in the association (Tab. 2). Eleven macromycete species were exclusive of the association in the MLP, which is 15.3% of the mycobiota in Peucedano-Pinetum. Those are: Boletus pinophilus, Chalciporus piperatus, Cortinarius cinnamoneus, Gomphidius roseus, Hygrophorus hypothejus, Leccinum versipelle, L. vulpinum, Rozites caperatus, Suillus bovinus, Russula versicolor and Tricholoma equestre. The highest number of species in common was recorded between Peucedano-Pinetum and Serratulo-Pinetum (60 species, over 83%).
Peucedano-Pinetum is an association characteristic of northeastern Poland. It is also known as Vaccinio myrtilli-Pinetum Kobendza 1930 (Matuszkiewicz 2001) . Ma cromycetes occurring in Peucedano-Pinetum, mostly from the Białowieża Old Growth Forest -Project CRYPTO, are reported only sporadically in the available lite rature (Nespiak 1959; Chmiel, Sadowska 1994; Lisiewska 1995; Bujakiewicz 1995; Chmiel 1995 Chmiel , 1996 Skirgiełło 1995) . Mycological observations in Peucedano-Pinetum outside the Białowieża Old Growth Forest have been conducted by, for instance, Lisiewska (1991 Lisiewska ( -1992 and Łuszczyński (2007) . Data on the mycobiota of Leucobryo-Pinetum, which is vicariant with Peucedano-Pinetum and which occurs in other parts of Poland, are reported in mycological literature more often (e.g., Lisiewska 1978; Lisiewska, Wójcik 1984; Friedrich 1985 Friedrich , 1994 Ławrynowicz, Szkodzik 1998; Łuszczyński 2007) .
The mycobiota of the Peucedano-Pinetum phytocoenoses examined in the MLP corresponds to literature data; this is probably related to the characteristic species composition of Peucedano-Pinetum and its vicariant Leucobryo-Pinetum. Macromycete species associated with Pinus sylvestris dominate in both types of coniferous forests. 1, 2, 3. .. -the number of records at a given plot; x -which corresponds to the sum of all observations at a specific plot, is used for species producing permanent fruit-bodies; The greatest resemblance of the mycobiota in the association was observed in Serratulo-Pinetum (19 species in common between both associations -54.3% of the biota) and Peucedano-Pinetum (17 species in common between both associations -48.6% of the biota). It is understandable given the coniferous character of the association and the dominance of Pinus sylvestris.
The mycobiota of Vaccinio uliginosi-Pinetum has been examined in a few mycocoenological studies (e.g. Nespiak 1959; Bujakiewicz 1986; Lisiewska 1978; Kałucka 1995; Friedrich 1997; Łuszczyński 2007) . The majority of macromycete species recorded in the association have also occurred in patches of Vaccinio uliginosi-Pinetum in other parts of Poland. Those were, for instance, Cortinarius huronensis, Galerina paludosa, G. sphagnorum, Lactarius helvus, Leccinum niveum, Lyophyllum palustre, Psilocybe elongata, Russula emetica var. emetica, R. paludosa (Bujakiewicz 1986; Kałucka 1995) .
Serratulo-Pinetum (W. Mat. 1981) J. Mat. 1988 Macromycetes in Serratulo-Pinetum were examined in 2 permanent plots (nos. 6 and 9) and 25 supplementary plots (Tab. 2). A total of 109 observations were performed in the association. The occurrence of 171 macromycete species was recorded. Fifty six species exclusive of the association were found (32.4% of the mycobiota of the association). Those included: Agaricus silvaticus, Boletus edulis, Chroogomphus rutilus, Clitocybe clavipes, Lactarius deterrimus, Lycoperdon umbrinum, Macrolepiota rhacodes, Mycena zephirus, Russula mustelina, R. xerampelina, Stereum sanguinolentum or Strobilurus esculentus. The mixed tree-stand affects the number of species in common between Serratulo-Pinetum phytocoenoses and other plant associations. The greatest number of species in common was recorded in Tilio-Carpinetum -76 species (43.9%) and Peucedano-Pinetum -60 species (34.7%). This is characteristic of a community that exhibits features of both coniferous forests and oak-hornbeam forests and was observed in both permanent plots. The plot with a distinct participation of Picea abies (plot 6, tab. 1) exhibits more features of the coniferous forest, which corresponds to fungal species observed in the plot (e.g., Pseudohydnum gelatinosum, Ramaria abietina, Russula mustelina, Strobilurus esculentus, etc.) . A considerable participation of Quercus robur in plot 9 results in its greater affiliation with broadleaved communities, which is reflected in the species composition of macromycetes (e.g., Cystolepiota seminuda, Tricholoma sulphureum, Hyphodontia paradoxa, etc.).
Similarly to Peucedano-Pinetum, the mycobiota of Serratulo-Pinetum is one of the most mycocoenologically under-explored mycobiotas in Poland. The subboreal mixed coniferous forest occurs in northeastern Poland and sporadically in central and eastern Poland. It is known as Pino-Quercetum serratuletosum or Calamagrostio arundinaceae-Piceetum in older studies from northeastern Poland (Matuszkiewicz 2001) . Data on the mycobiota of Serratulo-Pinetum are available in studies by Nespiak (1959) , Lisiewska (1991 Lisiewska ( -1992 and Łuszczyński (2007 The greatest similarity was observed between the mycobiota of the oak-hornbeam forest and fungi in Serratulo-Pinetum (76 species occurring in both; 38.4% of the mycobiota in the association). The number of species that occurred in TilioCarpinetum and other broadleaved communities was at a similar level: slightly over 20% of the mycobiota in the association.
The species composition of macromycetes in Tilio-Carpinetum has been studied intensely in Poland (e.g., Nespiak 1959; Ławrynowicz 1973; Lisiewska 1978; Gumińska 1991 Gumińska -1992 Skirgiełło 1998; Wojewoda et al. 1999; Ławrynowicz et al. 2002 , Łuszczyński 2007 . The mycobiota of the association examined in this study differentiates it well from other forest communities investigated in the MLP. The species composition of macromycetes in Tilio-Carpinetum is mostly consistent with fungal species occurring in oak-hornbeam phytocoenoses in other parts of Poland.
The analysis shows that the greatest similarity of the species composition and the number of species is observed between the local mycobiota of Tilio-Carpinetum in the MLP and the mycobiotas in Tilio-Carpinetum recorded in Central Poland (Ławrynowicz 1973 ) and the Skołczanka Reserve (Gumińska 1991 (Gumińska -1992 and in the Tuchola Forests (Ławrynowicz et al. 2002) .
Fraxino-Alnetum W. Macromycetes in Fraxino-Alnetum (=Circaeo-Alnetum) have been examined in numerous studies from almost entire Poland (e.g., Nespiak 1959; Bujakiewicz 1969 Bujakiewicz , 1973 Bujakiewicz , 1994 Lisiewska 1978; Friedrich 1985 Friedrich , 1994 Bujakiewicz, Fiebich 1991 -1992 Łuszczyński 2007) . Species of mycorrhizal fungi characteristic of Alnus, Lactarius lilacinus and Cortinarius paleaceus (Friedrich 1994; Łuszczyński 2007) , were recorded in the plot. Galerina hypnorum and Rickenella fibula were found on mossy trunk bases of alder trees (Łuszczyński 2007) . The species composition of macromycetes recorded in Fraxino-Alnetum was similar to that of analogous Fraxino-Alnetum forests in other parts of Poland. A smaller number of recorded species should be attributed to a limited surface area of permanent plots.
The analysis of participation of individual bioecological groups of macromycetes in the phytocoenoses examined here shows differences between mycorrhizal species and saprotrophic fungi on wood. The greatest participation of mycorrhizal fungi was recorded in Peucedano-Pinetum phytocoenoses (66.7% of the mycobiota) and the smallest in Fraxino-Alnetum (12.1% of the mycobiota) (Fig. 2) . The opposite The ratio between the number of macromycete species and the number of plants in permanent plots in the phytocoenoses examined ranges from 1:1.81 for Vaccinio uliginosi-Pinetum to 3.79:1 for Tilio-Carpinetum (Tab. 3). The data are comparable with the results obtained by Łuszczyński (2007) . However, the ratio is 1:1.81 (506 macromycete species : 920 plant species) for the total number of macromycete species recorded in the MLP (the author's observations and literature data) and the number of plant species (Kruszelnicki 1996) . However, the observations by Mułenko (1998) and Grzywacz (1999) , revealed that the number of fungal species is much greater than the number of plant species when macromycetes are also included.
SUMMARY
Three hundred and thirty five taxa of macromycetes were recorded in the phytocoenoses examined in the Masurian Landscape Park; 354 macromycete species were observed during examinations conducted in the Park between 1997 and 2000. The total number of species reported from the Masurian Landscape Park, including literature data, is 506.
Tilio-Carpinetum (198 taxa) and Serratulo-Pinetum (171 taxa) were the richest phytocoenoses in macromycete species. This is confirmed by the relationship between the number of macromycete species occurring in them and the diversified tree-stand (the diversity of substrate available for mycelium development).
Seventy three taxa of macromycetes were recorded in Peucedano-Pinetum. The association in the study area is differentiated by a group of exclusive species (15.5% of the mycobiota of the association) such as Boletus pinophilus, Cortinarius cinnamoneus, Rozites caperatus, Russula versicolor or Tricholoma equestre as well as a group of species that it has in common with the Serratulo-Pinetum phytocoenosis (83% of the mycobiota of the association).
The species composition of macromycetes in Serratulo-Pinetum is characterised by a high participation of species in common with broadleaved communities (47.9% of the mycobiota in common with Tilio-Carpinetum) and with coniferous forests (34.7% of the mycobiota in common with Peucedano-Pinetum). 32.4% of exclusive species was recorded in the continental mixed coniferous forest.
A downward trend in the percentage participation of mycorrhizal species from coniferous communities (43-66% of the mycobiota of the associations) to broadleaved communities (12-27% of the mycobiota) was observed. A reverse trend was noted in the case of saprotrophic fungi on wood. The greatest participation of this group was recorded in Tilio-Carpinetum (ca 35%) and in Fraxino-Alentum (45%), whereas the smallest participation was observed in coniferous forests (11-23%). This probably results from greater diversification of the tree-stand and the richness of available substrate.
